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An apparatus in one embodiment comprises a processing 
platform that includes a plurality of processing devices each 
comprising a processor coupled to a memory . The process 
ing platform is configured to implement at least a portion of 
at least a first cloud - based system . The processing platform 
comprises a modelling language extension module config 
ured to implement artificial intelligence - based decision 
points into a process flow and compile context attributes 
associated with the artificial intelligence - based decision 
points based on data from artificial intelligence systems . The 
processing platform also comprises a process engine con 
figured to convert the artificial intelligence - based decision 
points and context attributes to input to a process optimiza 
tion algorithm , and an optimization engine configured to 
determine , by applying the process optimization algorithm 
to the converted input , an overall execution path within the 
process flow , and output a decision to a first of the artificial 
intelligence - based decision points based on the overall 
execution path . 
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PLATFORM TO DELIVER ARTIFICIAL These and other illustrative embodiments described 
INTELLIGENCE - ENABLED ENTERPRISE herein include , without limitation , methods , apparatus , sys 

CLASS PROCESS EXECUTION tems , and computer program products comprising proces 
sor - readable storage media . 

FIELD 
BRIEF DESCRIPTION OF THE DRAWINGS 

5 

25 

The field relates generally to information processing FIG . 1 is a block diagram of an information processing systems , and more particularly to techniques for process system configured for cloud resource planning in an illus execution using artificial intelligence ( AI ) capabilities in 10 trative embodiment . 
information processing systems . FIG . 2 shows an example cloud resource planning com 

ponent overview in an illustrative embodiment . 
BACKGROUND FIG . 3 shows an illustrative embodiment of an informa 

tion processing system configured for cloud resource plan 
Information processing systems increasingly utilize 15 ning with multi - provider service composition in an illustra 

tive embodiment . reconfigurable virtual resources to meet changing user 
needs . For example , cloud computing and storage systems FIG . 4 shows cloud resource planning architecture in an 

illustrative embodiment . implemented using virtual machines have been widely FIG . 5 shows supply chain aspects of cloud resource adopted . Such cloud - based systems include , for example , 20 planning in another illustrative embodiment . Amazon Web Services ( AWS ) , Google Cloud Platform FIG . 6 shows a system view of cloud resource planning in ( GCP ) , and Microsoft Azure . Despite the widespread avail an illustrative embodiment . ability of these and numerous other private , public and FIG . 7 shows modelling language extension components hybrid cloud offerings , there exists a significant problem in in an illustrative embodiment . conventional practice in that there is no adequate mechanism 
available for optimizing multi - cloud deployments during FIG . 8 shows a process execution engine in an illustrative 

embodiment . run - time utilizing the benefits of artificial intelligence . FIG . 9 shows an example linear programming solution 
graph in an illustrative embodiment . 

SUMMARY FIG . 10 shows an example linear programming formula in 
30 an illustrative embodiment . 

Illustrative embodiments of the present invention provide FIG . 11 is a flow diagram of a process for artificial 
information processing systems configured to deliver artifi intelligence - enabled enterprise class process execution in an 
cial intelligence - enabled enterprise class process execution . illustrative embodiment . 

In one embodiment , an apparatus comprises a processing 35 that may be utilized to implement at least a portion of an FIGS . 12 and 13 show examples of processing platforms 
platform that includes a plurality of processing devices each information processing system in illustrative embodiments . comprising a processor coupled to a memory . The process 
ing platform is configured to implement at least a portion of DETAILED DESCRIPTION at least a first cloud - based system . The processing platform 
further comprises a process modelling language extension Illustrative embodiments of the present invention will be module configured to implement multiple artificial intelli described herein with reference to exemplary information gence - based decision points into a process flow and compile processing systems and associated computers , servers , stor 
one or more context attributes associated with the multiple age devices and other processing devices . It is to be appre artificial intelligence - based decision points based on data ciated , however , that embodiments of the invention are not derived from one or more artificial intelligence systems . The 45 restricted to use with the particular illustrative system and processing platform also comprises a process engine con device configurations shown . Accordingly , the term “ infor figured to convert the multiple artificial intelligence - based mation processing system ” as used herein is intended to be 
decision points and the one or more context attributes to broadly construed , so as to encompass , for example , pro input to a process optimization algorithm , and an optimiza cessing systems comprising cloud computing and storage 
tion engine configured to determine , by applying the process 50 systems , as well as other types of processing systems 
optimization algorithm to the converted input , an overall comprising various combinations of physical and virtual execution path within the process flow , and output a decision processing resources . An information processing system to a first of the multiple artificial intelligence - based decision may therefore comprise , for example , at least one data center 
points based on the determined overall execution path within or other type of cloud - based system that includes one or the process flow . 55 more clouds hosting tenants that access cloud resources . 

Illustrative embodiments can provide significant advan- Numerous other system configurations are possible in other 
tages relative to conventional enterprise cloud computing embodiments . 
platforms . For example , challenges associated with the FIG . 1 shows an information processing system 100 
limitations of traditional process automation systems are configured in accordance with an illustrative embodiment of 
overcome through combining AI systems and automation 60 the present invention . The information processing system 
systems for processes to generate intelligent , automated , and 100 comprises a plurality of client devices 102-1 , 
optimized technical and business process execution . One or 102-2 , ... 102 - M coupled via a network 104 to a processing 
more embodiments of the invention can include utilizing AI platform 106 . 
techniques in conjunction with operations research methods The client devices 102 in this embodiment can comprise , 
to enable optimization and automation in the execution of 65 for example , desktop , laptop or tablet computers , mobile 
processes requiring human intervention in traditional sys- telephones , or other types of processing devices capable of 
tems . communicating with the processing platform 106 over the 

40 

> 
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network 104. Clients associated with the respective client mine , by applying the process optimization algorithm to the 
devices 102 are assumed to run respective sets of client converted input , an overall execution path within the process 
applications utilizing corresponding sets of virtual resources flow , and output a decision to a first of the multiple artificial 
110 of at least one cloud - based system 112 provided by the intelligence - based decision points based on the determined 
processing platform 106. For example , such clients may be 5 overall execution path within the process flow . 
respective tenants of a cloud data center or other type of An exemplary process utilizing modelling language 
multi - tenant environment provided by the processing plat- extension module 114 , process engine 116 , and optimization 
form 106. These tenants or other clients are examples of engine 118 of the processing platform 106 in information 
what are more generally referred to herein as respective processing system 100 will be described in more detail with 
“ users ” of the processing platform 106. Such users are also 10 reference to the flow diagram of FIG . 11 . 
intended to include customers of a cloud service provider . Also , by way of example , in some embodiments , a 

In some embodiments , the virtual resources 110 comprise different cloud - based system comprises another cloud - based 
a plurality of containers allocable to respective client appli- system implemented with cloud - based system 112 on the 
cations under the control of the cloud - based system 112 . processing platform 106. Alternatively , the different cloud 
Additional or alternative virtual resources that may be used 15 based system can comprise another cloud - based system 112 ' 
in a given embodiment include virtual machines . For implemented on a different processing platform 106 
example , the virtual resources may comprise a plurality of coupled to the network 104 . 
virtual machines allocable to respective ones of the client It is to be appreciated that the particular processing 
applications under the control of the cloud - based system platform configuration illustrated in the FIG . 1 embodiment 
112. Various combinations of containers , virtual machines 20 is presented by way of example only , and that other embodi 
and other virtual resources may be used in other embodi- ments can utilize other arrangements of additional or alter 
ments . For example , virtual resources may comprise con- native components . For example , functionality disclosed 
tainers running in virtual machines . herein as being associated with two or more separate com 

The network 104 over which the client devices 102 and ponents can in other embodiments be combined into a single 
the processing platform 106 communicate illustratively 25 component . 
comprises one or more networks including , for example , a A more particular example of an additional component 
global computer network such as the Internet , a wide area that can be included in the processing platform 106 is a 
network ( WAN ) , a local area network ( LAN ) , a satellite resource abstraction layer . Such a resource abstraction layer 
network , a telephone or cable network , a cellular network , a may be associated with the cloud - based system 112 and may 
wireless network implemented using a wireless protocol 30 comprise one or more resource abstraction frameworks such 
such as Wi - Fi or WiMAX , or various portions or combina- as a Mesos framework or a Cloud Foundry Diego frame 
tions of these and other types of communication networks . work . A given such framework can be configured to abstract 

The processing platform 106 is assumed to include a away underlying virtual resources 110 from client applica 
plurality of processing devices each having a processor tions that utilize those virtual resources . 
coupled to a memory , and is configured to implement the 35 As mentioned previously , the virtual resources 110 imple 
virtual resources 110 of the cloud - based system 112 for use mented by the processing platform 106 illustratively com 
by client applications . prise containers . Such containers are more particularly 

The processing platform 106 further comprises a model- assumed to comprise respective Docker containers or other 
ling language extension module 114 , a process engine 116 , types of Linux containers ( LXCs ) . In embodiments that 
and an optimization engine 118 , each associated with the 40 utilize containers , the processing platform 106 illustratively 
cloud - based system 112. The cloud - based system 112 is also comprises a plurality of container host devices each imple 
referred to herein as simply a “ cloud . ” menting one or more of the containers . Each of the container 

Examples of different types of clouds that may be utilized host devices illustratively comprises at least one processor 
in illustrative embodiments include private , public and coupled to a memory . Such container host devices are 
hybrid clouds . Private clouds illustratively include on - prem- 45 examples of what are more generally referred to herein as 
ises clouds and off - premises clouds , where “ premises ” refers " processing devices . ” 
generally to a particular site or other physical location of the In some embodiments , Docker containers or other types 
business , enterprise , organization or other entity that utilizes of LXCs may be implemented on one or more Linux 
the private cloud . Public clouds are assumed to be off- processing devices using Linux kernel control groups 
premises clouds . Hybrid clouds comprise combinations of 50 ( “ cgroups ” ) . However , it is to be appreciated that embodi 
public and private cloud aspects and thus may include ments of the present invention are not restricted to use with 
various combinations of on - premises and off - premises por- Docker containers or any other particular type of containers . 
tions , such as on - premises placement of managed appliances Accordingly , numerous other techniques can be used in 
that can be consumed on - demand like off - premises cloud implementing containers in a given embodiment , and such 
capacity , but at the same time offer the benefits of on- 55 techniques do not necessarily require use of the Linux 
premises deployments such as security , compliance and cgroup feature . Clusters of containers can be managed 
physical control . across multiple container host devices of the processing 

The modelling language extension module 114 is config- platform 106 using container cluster managers such as 
ured to implement multiple artificial intelligence - based deci- Docker Swarm or Kubernetes . Such cluster managers may 
sion points into a process flow and compile one or more 60 be implemented within or in association with the cloud 
context attributes associated with the multiple artificial based system 112 . 
intelligence - based decision points based on data derived The processing platform 106 can also incorporate one or 
from one or more artificial intelligence systems . The process more container engines , such as one or more Docker 
engine 116 is configured to convert the multiple artificial engines . By way of example , a given Docker engine may be 
intelligence - based decision points and the one or more 65 preconfigured to run on CoreOS , an open source lightweight 
context attributes to input to a process optimization algo- operating system based on the Linux kernel and particularly 
rithm . The optimization engine 118 is configured to deter- configured to provide functionality for deploying applica 
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tions in containers . Another example of a lightweight oper- Additionally , one or more embodiments of the invention 
ating system suitable for use in implementing at least can include utilizing operations research ( OR ) techniques in 
portions of the processing platform 106 in some embodi- solving a process routing optimization problem . For 
ments is VMware® Photon OSTM which has a relatively example , such an embodiment can include utilizing linear 
small footprint and is designed to boot extremely quickly on 5 programming ( LP ) to optimize for Al - based decision point 5 
VMware® platforms . elements within a process , wherein linear programming 

The processing platform 106 in some embodiments incor represents a method to achieve a desired outcome ( such as 
porates additional functionality , such as management and maximum profit or a lowest cost ) in a mathematical model 
orchestration functionality . The management and orchestra whose requirements are represented by linear relationships . 
tion functionality may be implemented , for example , in the Also , one or more embodiments of the invention can 

include utilizing decision trees to enable the determination cloud - based system 112 or components thereof , and can be of maxima for a given process . As used herein , a decision provided , for example , using components such as VCE tree refers to a mathematical method that uses a tree - like VisionTM Intelligent Operations Software , or other types of graph or model of attributes , such as probabilities and their management and orchestration components , including com 15 possible consequences , chance event outcomes , resource ponents from Pivotal Cloud Foundry , or various combina costs , and utility . In at least one embodiment of the inven tions of multiple ones of these or other components . tion , decision trees can use input in the form of recommen 
In some embodiments , certain functionality of the cloud dations and probabilities derived from Al - based decision 

based system 112 is made available to a user by a cloud points . 
service provider on a Software - as - a - Service ( SaaS ) basis . 20 As also detailed herein , and within which one or more 
Such users may be associated with respective ones of the embodiments of the invention can be implemented , a cloud 
client devices 102 and may correspond to respective tenants resource planning ( CRP ) platform can provide integrated 
of the cloud service provider . multi - cloud management for flexibility in a multi - vendor 
However , the term “ user ” in this context and elsewhere cloud environment . At least one embodiment of the inven 

herein is intended to be more broadly construed so as to 25 tion can include providing supply chain - oriented services for 
encompass , for example , human , hardware , software or cloud product needs of an enterprise , as well as facilitating 
firmware entities , as well as various combinations of such dynamic and automated processes to allow the enterprise to 
entities . scale up and / or down from end - user clients , via communi 

It should be understood that the particular arrangements cation capabilities , and into backend systems . Additionally , 
of system and platform components as illustrated in FIG . 1 30 one or more embodiments of the invention can include 
are presented by way of example only . In other embodi- implementing continuous and / or periodic improvements to 
ments , only subsets of these system and platform compo- an enterprise information technology landscape through use 
nents , or additional or alternative sets of components , may of artificial intelligence ( AI ) and deep learning during tech 
be used , and such components may exhibit alternative nical and business process execution . 
functionality and configurations . Further , in one or more embodiments of the invention , 

Examples of processing platforms that may be used to design recommendations and landscape optimizations can 
implement at least portions of the processing platform 106 be provided by CRP agents based on machine learning 
of the FIG . 1 embodiment will be described in more detail techniques ( for example , via a recommendations system 
below in conjunction with FIGS . 12 and 13. A given such with smart Al - based agents ) . As additionally detailed herein , 
processing platform comprises at least one processing 40 CRP provides frictionless cloud service processes across 
device comprising a processor coupled to a memory , and the service providers ( open to partners via shared application 
processing device may be implemented at least in part programming interfaces ( APIs ) and processes ) , as well as 
utilizing one or more virtual machines or other virtualization provides a single management console for technical and 
infrastructure . Additionally , the operation of the information business units across an orchestrated cloud landscape . 
processing system 100 will be described in further detail 45 Enterprise trends can be used to define required features 
with reference to the flow diagram of FIG . 11 . for an implementation by CRP . For example , at least one 
As used herein , artificial intelligence refers to any device embodiment of the invention can include implementation of 

that perceives its environment and takes actions that maxi- AI and / or machine learning techniques on big data ( land 
mize its chance of success at some goal . In one or more scape deployment and operations experience , for example ) 
embodiments of the invention , AI techniques and system 50 with forecasting capabilities . Also , one or more embodi 
approaches can be used to set attributes of decision points in ments of the invention can include facilitating both an 
process flows . Additionally , techniques and approaches from external and an internal perspective on operations . 
technical routing in networking , path optimization and deci- As noted herein , open interfaces into the CRP platform 
sion theory can be used to solve an optimization problem allow for integration of external services , and therefore 
during process execution , and input for such models can be 55 forming of new business and technical processes . External 
derived from the Al - based decision point elements . services can be plugged - in via an API , and a CRP workflow 

In at least one embodiment of the invention , an optimal engine can help to connect the service pieces into a bigger 
decision for individual Al - based process steps includes not process and enable a flow . Also , in one or more embodi 
only the local maximum in terms of optimal output , but also ments of the invention , the CRP platform is hardware 
the global maximum for the overall end - to - end process . 60 agnostic due to a holistic approach , which is independent 
Accordingly , in such an embodiment , decision trees and / or from specific service providers as well as hardware provid 
linear programming can be used for each automated Al- ers . Core technologies and established practices such as , for 
based decision point . An optimal decision can include a example , IT landscape management , monitoring , trouble 
decision that leads to at least as good an outcome as all other shooting , security management , and policy execution can be 
available decision options , and in order to compare the 65 combined and brought onto a single process flow as services . 
different decision outcomes , a relative utility can be assigned At the same time , the platform is opened to partners and 
to each outcome . other service providers . In combination with underlying 
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process execution support , one or more embodiments of the nical cloud resources . In at least one embodiment of the 
invention includes enabling multi - provider , multi - cloud ser- invention , the inclusion of a logical cloud composition 
vice provisioning and optimization of end - user IT processes . check supports the compatibility of service modules and 

Accordingly , and as further described herein , at least one consumed cloud resources , and virtual assistance and smart 
embodiment of the invention can include automate ad hoc 5 agents help to design comprehensive composed services 
planning and execution of an end - user IT landscape via a based on enterprise cloud service design patterns . 
CRP platform , wherein such an IT landscape can include one Additionally , in one or more embodiments of the inven 
or more cloud services , one or more business processes , and tion , the CRP platform provides functions and / or properties one or more technical processes , in conjunction with avail such as one or more catalogs , a user interface framework , a able cloud resources . Additionally , as used herein , “ ad hoc ” 10 metadata repository , service registration , and general com planning and execution of an end - user IT landscape refers to munication between service providers and end - users / con a specific end - user selected or designed IT landscape , 
wherein the end - user is enabled ( via the CRP platform ) to sumers . The framework detailed herein can offer a single 
deploy and / or implement particular cloud services , business entry point in the form of a portal for role - based cloud 
process , technical processes service consumers and providers , wherein a single business and / or cloud resources with the 15 
single CRP platform based on the offerings and capabilities and technical view is created across potentially independent 
of the CRP platform . services which rely on potentially dispersed infrastructure 
FIG . 2 shows an example cloud resource planning com resources . Further , and by way of example , the CRP plat 

ponent overview in an illustrative embodiment . By way of form can define interfaces such as interfaces for integrating 
illustration , FIG . 2 depicts a CRP platform 200 , which 20 pricing capabilities from pricing engines , interfaces for 
includes a partner component 202 , a time and expense integrating customer management from CRM systems , and 
component 204 , a customer management component 206 , interfaces for integrating billing systems . 
and a pricing component 208. The platform 200 also FIG . 3 shows an illustrative embodiment of an informa 
includes API componentry 210 , a responsive customer user tion processing system configured for cloud resource plan 
interface ( UI ) 212 , and a support component 240. Further , 25 ning with multi - provider service composition in an illustra 
the platform 200 includes a service delivery component 214 , tive embodiment . By way of illustration FIG . 3 depicts a 
an offerings component 216 , a self - service component 218 , composed enterprise cloud service 302 which includes inde 
an optimization component 220 , a resource delivery com- pendent service modules 304 ( a security service module ) , 
ponent 222 , a consumption component 224 , a billing com- 306 ( a monitoring service module ) , 308 ( an application 
ponent 226 , and a monitoring component 228. Additionally , 30 management service module ) , and 310 ( a billing service 
as depicted in FIG . 2 , the CRP platform 200 includes an module ) . Additionally , FIG . 3 depicts a business processes 
object library 230 , a cloud security component 232 , a component 312 , which can encompass business processes 
hypervisor 234 , a third party cloud component 236 , and a such as procurement , billing , network capabilities , etc. , and 
hardware component 238 . which compiles metadata pertaining to the independent 
As detailed herein , CRP can help an organization com- 35 service modules 304 , 306 , 308 and 310. FIG . 3 also depicts 

pose , execute , monitor , manage and optimize business- a technical processes component 314 , which can encompass 
related services such as a cloud supply chain , procurement technical processes such as provisioning , patching , security 
processes , inventory matters , finance matters , service life- reporting , etc. 
cycles , projects , human resources and other components of As also illustrated , FIG . 3 depicts technical integration 
a service fulfillment through a common dashboard . For 40 adapters for technical resources , such as a network integra 
example , a cloud service provider can utilize the CRP tion adapter 318 , a computation integration adapter 320 , a 
platform to enable ecosystem integration and leverage core backup integration adapter 322 , a storage integration adapter 
expertise of a partner network for ( complex ) service com- 324 , and a disaster recovery integration adapter 326. Such 
position . Also , in at least one embodiment of the invention , technical integration adapters can enable efficient interaction 
the CRP platform includes a role - dependent view of busi- 45 with a multi - provider and multi - technology setup . As 
ness and technical aspects of multi - cloud deployments . detailed in FIG . 3 , interfaces to IT services such as , for 

Additionally , a customer can utilize the CRP platform , for example , compute , network and storage provisioning can be 
example , to compose services internally , wherein such ser- deployed in a structured and open interface style to allow for 
vices can be enabled to leverage certain external compo- a wide ecosystem and business system integration . 
nents as business or technical needs dictate . Further , a 50 FIG . 3 also depicts a service integration middleware 316 , 
vendor or independent service provider can utilize the CRP which serves as a bridge between the independent service 
platform , for example , to offer a service or product for use modules , the business processes , the technical processes and 
in the platform , wherein such offerings can then be delivered integration adapters for technical resources . The service 
to customers using the platform . integration middleware 316 also facilitates communication 
As illustrated in connection with FIG . 1 and also further 55 and data management for the distributed services and pro 

described herein , one or more embodiments of the invention cesses across the CRP platform . Specifically , the service 
include a framework that includes incorporating technical integration middleware 316 enables integration with mul 
services such as enterprise cloud service middleware , imple- tiple different underlying cloud technologies by allowing 
mented business and technical processes , and flexible ser- different modules from different providers to interact seam 
vice module integration and technology utilization . Such a 60 lessly via the CRP platform , even when those modules are 
framework can also include a dynamic offering catalog , functionally similar . For example , interactions between sev 
wherein such an offering catalog includes a service interface eral different computation integration adapters ( 320 ) from 
to allow for third parties to introduce offerings . The CRP several different providers ( AWS , VMWare , etc. ) can be 
platform can also maintain cross - service metadata pertain- integrated to service integration middleware 316 in a way 
ing to end - to - end technical and business processes , for 65 that for technical processes component 314 , those adapters 
example , to establish a consistent service provisioning present effectively the same behavior . Accordingly , one or 
across independent providers for service modules and tech- more embodiments of the invention can include implement 
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ing and utilizing multiple different adapters ; for example , embodiment can include implementing end - to - end process 
one adapter for each function of each cloud . support via artificial intelligence , including functionality 
FIG . 4 shows cloud resource planning architecture in an such as selecting optimal vendors , products and / or contracts , 

illustrative embodiment . By way of illustration , FIG . 4 and suggesting collaboration partners from different and / or 
depicts a CRP platform 400 , which includes an API 402 and 5 similar industries . Also , in one or more embodiments of the 
UI 404 for interaction with users . Additionally , the platform invention , a CRP platform can encompass the use of one or 
400 includes a process engine 406 ( which can incorporate AI more legacy applications , software as a service ( SaaS ) , 
functionality ) , a micro - services component 414 , an automa- infrastructure as a service ( IaaS ) , platform as a service 
tion component 412 , a security component 410 , and other ( PaaS ) , integration , on premise software , etc. 
software 408. FIG . 4 also depicts management software 416 , 10 FIG . 5 shows supply chain aspects of cloud resource 
data center ( DC ) hardware componentry 420 , and cross - DC , planning in another illustrative embodiment . By way of 
multi - cloud componentry 418. The management software illustration , FIG . 5 depicts a collection of example customer 
416 can include low - level data center operations software , and ecosystem functions 500 such as finance and accounting 
such as maintenance ( patching , updating , upgrading ) , moni- functions 502 , procurement functions 504 , inventory func 
toring , auto - discovery , and software - defined - everything 15 tions 506 , service and / or project lifecycle functions 508 , 
components . Such management software 416 can be hard- supply chain operations 510 , supplier relationship manage 
ware- and / or data center - specific , and therefore not part of ment functions 512 , etc. Such functions 500 are incorporated 
the platform ( as different servers can have different man- into a cloud supply chain 514 , which can be supported by a 
agement software pieces with which they interact ) . As such , CRP platform 516. Specifically , the CRP platform 516 can 
the management software 416 can communicate with the 20 help an organization compose , execute , monitor , manage 
DC hardware 420 via one or more APIs and provide infor- and optimize its cloud supply chain 514 , as well as procure 
mation ( such as health status , general availability , etc. ) about ment , inventory , finance , service lifecycle , projects , human 
the DC hardware 420 up to the platform 400 . resources and other components of a service fulfillment 

The cross - DC , multi - cloud componentry 418 facilitates through a common dashboard . The CRP platform 516 can 
platform communication between data centers , such as 25 serve as a service entry point for business and technical 
direct virtual private network ( VPN ) tunnels or multiproto- enterprise roles , integrating the customer and ecosystem 
col label switching ( MPLS ) circuits . Via the multi - cloud functions 500 with tools 520 , automated processes 522 , and 
aspect of component 418 , the platform 400 can interact with data 524 from a multi - cloud environment 518. Such a 
a variety of types of clouds . multi - cloud environment 518 can include , for example , an 
As illustrated in FIG . 4 , at least one embodiment of the 30 enterprise cloud and one or more public clouds . 

invention can include combining micro - services 414 , auto- FIG . 6 shows a system view of cloud resource planning in 
mation components 412 , security components 410 , and an illustrative embodiment . By way of illustration , FIG . 6 
other ( stan off - the - shelf ) software 408 into comprehen- depicts a process layer 600 , a platform layer 614 , and a data 
sive value - creating processes . In one or more embodiments layer 624. The process layer 600 , which can include , for 
of the invention , AI - components in the process engine 406 35 example , an assessment process 602 , an onboarding process 
allow for smart process execution , internally and externally . 604 , an operation process 606 , a support process 608 , an 
For example , CRP processes can include multi - cloud optimization process 610 , and a reporting process 612 , can 
deployment optimization , as well as total cloud supply chain carry out intelligent process handling via automation . The 
optimization . Such cloud supply chain optimization can platform layer 614 can include micro - services 616 , commu 
include , for example , enhancing the supply chain by rec- 40 nication via a bus system 618 , a full tool landscape integra 
ommending new components , suppliers , etc. tion 620 , and one or more additional components 622 . 

Accordingly , via at least one embodiment of the inven- Further , as illustrated , the data layer 624 can include a data 
tion , enterprise partners , suppliers and customers can expe- repository ( from across the supply chain , for example ) 
rience the CRP platform as a one - stop portal for cloud derived from one or more systems and smart agents . 
products and the related lifecycle management of complex ) 45 The platform layer 614 can also allow for catalog func 
orchestrated landscapes . As detailed herein , customers can tions , which enable an enterprise to select one or more 
experience a cohesive monitoring and management plane for service providers based on capability , rating , successful 
an entire IT landscape , with the CRP platform providing deployments , etc. In one or more embodiments of the 
financial and technical views , as well as customer - specific invention , such a catalog of offerings is compliant with one 
optimization of IT - supported business . Also , a CRP platform 50 or more enterprise parameters and / or requirements , and 
can unite existing enterprise resource planning ( ERP ) , cus- allows for the enterprise to selectively show offerings based 
tomer relationship management ( CRM ) , supply chain man- on one or more end - customer attributes . Such offerings can 
agement ( SCM ) , procurement , monitoring and customer be priced by allowing pricing engines to perform pricing in 
support systems onto a single data and process plane . real - time via a service interface . Additionally , as detailed 
As additionally detailed herein , in one or more embodi- 55 herein , similar to service modules , the usage of technical 

ments of the invention , CRP - related IT tooling ( such as data integration adapters for cloud resources can be catalog 
gathering , provisioning , troubleshooting , etc. ) is hardware based and ensure compatibility across a service fulfillment . 
agnostic , and service support tools for provisioning and In at least one embodiment of the invention , a logical cloud 
lifecycle support are infrastructure - independent . Similarly , service check ensures that the technical and business pro 
in at least one embodiment of the invention , a CRP platform 60 cesses across the service provisioning cycle can be sup 
can support various cloud service deployment platforms and ported by the chosen service modules , and as that they are 
related infrastructure via APIs and vendor - provided plug- supported by the chosen cloud resources as integrated 
ins . through the technical adapters . 

Further , one or more embodiments of the invention can As further detailed herein , one or more embodiments of 
include facilitating , via the CRP platform , scaling a business 65 the invention include implementing a modelling language 
and related applications and services on - demand up or down extension , which introduces AI routing elements ( also 
across multi - cloud and multi - service environments . Such an referred to herein as AI decision points ) and defines one or 
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more context attributes . Such context attributes can include , multi - cloud management . At least one embodiment of the 
for example , position in the tree , time of trigger , execution invention can additionally include modifying and / or extend 
options , etc. Accordingly , FIG . 7 shows modelling language ing existing engines by incorporating the capability to 
extension components in an illustrative embodiment . The include interpretation of Al - based decision point compo 
depicted AI - related modelling language extension 700 gen- 5 nents . 
erates and / or introduces decision points based on recom- In one or more embodiments of the invention , the attri 
mendations from Al - based systems 702 and enable an butes of each Al - based decision point can be fed into a 
autonomous process flow from a prior process step 706 to respective algorithm , which will determine the process step 
one of a first post - process step 708 and / or a second post- A versus process step B routing decision , wherein step A and 
process step 710 ( or multiple additional post - process steps ) . 10 step B are post - process steps in the prescribed technical or 
Additionally , AI system 702 input can also set one or more business process . By way of example , Al - decision point 
context attributes 704 for each AI decision point during information can be used to determine the correct deployment 
process execution runtime ( for example , via tree branch scenario for a customer IT system based on customer data , 
probabilities , process costs / benefit analyses , etc. ) . The con- or a decision point can contain attributes about deployment 
text attributes 704 will be interpreted by the process execu- 15 costs for steps A and B , which can be used to optimize the 
tion engine ( such as depicted in FIG . 8 ) as inputs for an overall deployment and operations cost of the system . Addi 
operations research optimization across the total process . tionally , as Al system input can vary over time , an optimi 

Consequently , and as further detailed herein , each deci- zation in subsequent steps can vary during further process 
sion point will receive input from the optimization engine , execution ( for example , a decision now can be rendered 
and that input will set additional attributes in the Al - decision 20 sub - optimal in a few minutes for a spot market ) . 
point . Such additional attributes can include , for example , a Example implementations of one or more embodiments of 
probability of one or more events , a cost and revenue time the invention can include routing customer service requests 
series , decision tree information , etc. One important attri- to a self - service portal , to a managed service offering , to a 
bute , which is set by the optimization engine , determines the customer- or situation - specific promotion or deal , incorpo 
final decision to go to post process step A ( 708 ) or post- 25 rating customer feedback into deployment and service pro 
process step B ( 710 ) . Accordingly , in one or more embodi- cesses , etc. Additionally , in a multi - cloud optimization 
ments of the invention , the decision point not only has implementation , at least one embodiment of the invention 
decision capability based on incoming data , but the decision can include advising end - customers on deployment options 
point receives additional process execution orders from the based on performance , security , general capabilities , costs , 
optimization engine on how to move forward ( within the 30 etc. , as well as advising and autonomously executing a 
process flow ) . The context attributes can be used for process deployment including sizing of IT systems , based on 
interpretation and for historic persistent storage of data that machine learning algorithms and rules . Further , one or more 
lead to the particular decision . embodiments of the invention can include running simula 
FIG . 8 shows a process execution engine in an illustrative tions based on Al - based decision points , wherein Al - based 

embodiment . Specifically , FIG . 8 depicts an example itera- 35 decision points enable a simulation engine to incorporate 
tion of a single Al - based decision point . In step 1 , a process provided situation- and context - specific cognitive informa 
step in a process flow 806 triggers an Al - based modelling tion , such as smart decisions based on data growth , com 
language extension 800 to introduce an Al - based decision petitor landscape , expansion plans , general financial budget , 
point ( into the process flow 806 ) . In step 2 , the modelling etc. Such an embodiment can enable simulation engines to 
language extension 800 activates the Al - based decision 40 use operationally - proven processes to be used during simu 
point and gathers input during runtime from a related , lations , whereby the information for decision points is 
connected Al system 802 ( the AI system 8002 can utilize retrieved from Al systems . 
live and / or historic data from other systems ) . Additionally , FIG . 9 shows an example linear programming solution 
in step 3 , the AI system 802 sets the decision point - specific graph 900 in an illustrative embodiment . Specifically , FIG . 
context attributes 804. In step 4 , the Al - based decision point 45 9 depicts a generic linear programming solution space , in 
reports its context attributes 804 to a process engine 808 , connection with a maximization function , for two resources 
which interprets the Al - based decision point during run - time ( Resource X and Resource Y ) with multiple constraints 
of the process . In step 5 , the process engine 808 activates the ( Constraint1 , Constraint2 , Constraint3 , and Constraint4 ) . 
included optimization engine 810 , which deploys one or FIG . 10 shows an example linear programming formula 
more operations research models , such as decision trees or 50 1000 in an illustrative embodiment . Specifically , FIG . 10 
linear programming . The optimization engine 810 gathers depicts an example linear programming formula 1000 for 
input from all Al - based decision points subsequent to the maximization of a margin over a resource ask per deployed 
decision point in question ( via a recursive procedure ) to capacity and respective usage . The linear programming 
determine an end - to - end overall process optimization ( maxi- formula 1000 describes an optimization problem , wherein 
mum or minimum , depending on the problem ) . In at least 55 the margin for a certain deployment is to be optimized . 
one embodiment of the invention , the optimization engine Accordingly , resources for the deployment should be used 
810 can apply one or more optimization algorithms from an according to the resource constraints ( sqn ) , while optimizing 
operations research field during process runtime execution . the overall margin . Such an optimization problem might be 
Further , in step 6 , the global ( end - to - end ) optimization path considered , for example , in a use case of provisioning 
generated by the optimization engine 810 is used to deter- 60 storage for virtual systems , wherein there is a desire not to 
mine the local execution of the Al - based decision point in overprovision , while also being driven by system usage and 
the process flow 806 . capacity constraints . 

Such as the example depicted in FIG . 8 , one or more As noted herein , the operation of the information pro 
embodiments of the invention include the use of a flexible cessing system 100 is described in further detail with 
execution engine with an AI decision interpreter . Such an 65 reference to the flow diagram of the example embodiment of 
engine can be used , for example , in applications such as FIG . 11. The process as shown includes steps 1100 through 
enterprise cloud computing service process routing , and 1112 , and is suitable for use in the system 100 but is more 
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generally applicable to other systems comprising a process- a step can be carried out , for example , by process engine 116 
ing platform having cloud infrastructure representation in the FIG . 1 embodiment . In one or more embodiments of 
functionality . Accordingly , references to components of the the invention , the process optimization algorithm is a deci 
embodiment of FIG . 1 in the process description below sion tree or a linear program . In such an embodiment , the 
should not be viewed as limiting in any way , as the disclosed 5 context attributes are converted into input factors for these 
process steps can be applied in a wide variety of other types algorithms ( such as , for example , optimization targets ( cost , 
of information processing systems . space , utilization , etc. ) ) . 

In step 1100 , at least one processing platform is config- In step 1110 , an overall execution path within the process 
ured to include a plurality of processing devices each flow is determined by applying the process optimization 
comprising a processor coupled to a memory . In the context 10 algorithm to the converted input . Such a step can be carried 
of the FIG . 1 embodiment , information processing system out , for example , by optimization engine 118 in the FIG . 1 
100 comprises multiple processing platforms 106 and 106 ' embodiment . The optimization engine , in applying the pro 
as illustrated in the figure . The one or more additional cess optimization algorithm to the converted input , can 
processing platforms 106 ' may be configured in substantially analyze a likelihood of one or more events occurring in the 
the same manner as the processing platform 106. Each such 15 process flow . Additionally , in at least one embodiment of the 
processing platform comprises virtual resources for use by invention , the optimization engine can be configured to 
client applications . determine the overall execution path within the process flow 

In step 1102 , at least a portion of at least a first cloud- by deploying one or more operations research models during 
based system is implemented within the processing plat- run - time execution of the process . The one or more opera 
form . For example , with reference to the FIG . 1 embodi- 20 tions research models can include , for example , one or more 
ment , virtual resources 110 of cloud - based system 112 are decision trees and / or one or more linear programming 
implemented within the processing platform 106. As men- models . 
tioned previously , such virtual resources illustratively com- In step 1112 , a decision to a first of the multiple artificial 
prise containers , virtual machines or combinations thereof . intelligence - based decision points based on the determined 
For example , in the context of the FIG . 1 embodiment , the 25 overall execution path within the process flow is output . 
virtual resources may comprise a plurality of containers Such a step can also be carried out , for example , by 
allocable to respective client applications of the client optimization engine 118 in the FIG . 1 embodiment . 
devices 102 under the control of the cloud - based system 112 . The particular processing operations and other system 
As another example , the virtual resources may comprise a functionality described in conjunction with the flow diagram 
plurality of virtual machines allocable to respective ones of 30 of FIG . 11 are therefore presented by way of illustrative 
the client applications of the client devices 102 under the example only , and should not be construed as limiting the 
control of the cloud - based system 112. Numerous other scope of the disclosure in any way . Alternative embodiments 
arrangements of virtual resources of various types and can use other types of processing operations involving cloud 
combinations can be utilized in other embodiments . For infrastructure representation . For example , the ordering of 
example , the virtual resources can include a plurality of 35 the process steps may be varied in other embodiments , or 
virtual machines and a plurality of containers configured to certain steps may be performed at least in part concurrently 
run on at least a subset of the virtual machines . with one another rather than serially . Also , one or more of 

In step 1104 , multiple artificial intelligence - based deci- the process steps may be repeated periodically , or multiple 
sion points are implemented into a process flow . Such a step instances of the process can be performed in parallel with 
can be carried out , for example , by modelling language 40 one another in order to carry out the techniques of one or 
extension module 114 in the FIG . 1 embodiment . The more embodiments of the invention detailed herein . 
multiple artificial intelligence - based decision points can Functionality such as that described in conjunction with 
include routing options encompassing two or more steps the flow diagram of FIG . 11 can be implemented at least in 
within the process flow . part in the form of one or more software programs stored in 

In step 1106 , one or more context attributes associated 45 memory and executed by a processor of a processing device 
with the multiple artificial intelligence - based decision points such as a computer or server . As will be described below , a 
based on data derived from one or more artificial intelli- memory or other storage device having executable program 
gence systems are compiled . Such a step can also be carried code of one or more software programs embodied therein is 
out , for example , by modelling language extension module an example of what is more generally referred to herein as 
114 in the FIG . 1 embodiment . In at least one embodiment 50 a " processor - readable storage medium . ” 
of the invention , the modelling language extension module Illustrative embodiments of delivering enterprise cloud 
can be configured to compile one or more context attributes resources and services using composable business and tech 
associated with the multiple artificial intelligence - based nical processes as disclosed herein can provide a number of 
decision points during run - time of the process . Additionally , significant advantages relative to conventional arrange 
in one or more embodiments of the invention , the data 55 ments . 
derived from one or more artificial intelligence systems can For example , some embodiments can advantageously 
vary with time . provide optimization of multi - cloud deployments during 

Also , as detailed herein , the one or more context attributes run - time on a process level . Also , one or more embodiments 
can include , for example , one or more cost values associated implement Al - based management of cloud services to lower 
with the multiple artificial intelligence - based decision 60 operations cost , increase customer satisfaction and raise 
points , one or more benefit values associated with the margins across services . 
multiple artificial intelligence - based decision points , and / or Such arrangements overcome the difficulties that would 
one or more tree branch probability values associated with otherwise be associated with existing approaches limited by 
the multiple artificial intelligence - based decision points . required human intervention in process execution tech 

In step 1108 , the multiple artificial intelligence - based 65 niques . 
decision points and the one or more context attributes are It is to be appreciated that the particular advantages 
converted to input to a process optimization algorithm . Such described above and elsewhere herein are associated with 
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particular illustrative embodiments and need not be present Illustrative embodiments of processing platforms will 
in other embodiments . Also , the particular types of infor- now be described in greater detail with reference to FIGS . 12 
mation processing system features and functionality as illus- and 13. Although described in the context of system 100 , 
trated in the drawings and described above are exemplary these platforms may also be used to implement at least 
only , and numerous other arrangements may be used in other 5 portions of other information processing systems in other 
embodiments . embodiments . 
As mentioned previously , at least portions of the infor- FIG . 12 shows an example processing platform compris 

mation processing system 100 may be implemented using ing cloud infrastructure 1200. The cloud infrastructure 1200 
one or more processing platforms . A given such processing comprises a combination of physical and virtual processing 
platform comprises at least one processing device compris- 10 resources that may be utilized to implement at least a portion 
ing a processor coupled to a memory . The processor and of the information processing system 100. The cloud infra 
memory in some embodiments comprise respective proces- structure 1200 comprises virtual machines ( VMs ) 1202-1 , 
sor and memory elements of a virtual machine or container 1202-2 , ... 1202 - L implemented using a hypervisor 1204 . 
provided using one or more underlying physical machines . The hypervisor 1204 runs on physical infrastructure 1205 . 
The term “ processing device ” as used herein is intended to 15 The cloud infrastructure 1200 further comprises sets of 
be broadly construed so as to encompass a wide variety of applications 1210-1 , 1210-2 , ... 1210 - L running on respec 
different arrangements of physical processors , memories and tive ones of the virtual machines 1202-1 , 1202-2 , ... 1202 - L 
other device components as well as virtual instances of such under the control of the hypervisor 1204 . 
components . For example , a “ processing device ” in some Although only a single hypervisor 1204 is shown in the 
embodiments can comprise or be executed across one or 20 embodiment of FIG . 12 , the system 100 may of course 
more virtual processors . Processing devices can therefore be include multiple hypervisors each providing a set of virtual 
physical or virtual and can be executed across one or more machines using at least one underlying physical machine . 
physical or virtual processors . It should also be noted that a Different sets of virtual machines provided by one or more 
given virtual device can be mapped to a portion of a physical hypervisors may be utilized in configuring multiple 

25 instances of various components of the system 100 . 
Some illustrative embodiments of a processing platform An example of a commercially available hypervisor plat 

that may be used to implement at least a portion of an form that may be used to implement hypervisor 1204 and 
information processing system comprises cloud infrastruc- possibly other portions of the information processing system 
ture including virtual machines implemented using a hyper 100 in one or more embodiments is the VMware 
visor that runs on physical infrastructure . The cloud infra- 30 vSphere® which may have an associated virtual infrastruc 
structure further comprises sets of applications running on ture management system such as the VMware® vCenterTM . 
respective ones of the virtual machines under the control of The underlying physical machines may comprise one or 
the hypervisor . It is also possible to use multiple hypervisors more distributed processing platforms that include one or 
each providing a set of virtual machines using at least one more storage systems . 
underlying physical machine . Different sets of virtual 35 As is apparent from the above , one or more of the 
machines provided by one or more hypervisors may be processing modules or other components of system 100 may 
utilized in configuring multiple instances of various com- each run on a computer , server , storage device or other 
ponents of the system . processing platform element . A given such element may be 

These and other types of cloud infrastructure can be used viewed as an example of what is more generally referred to 
to provide what is also referred to herein as a multi - tenant 40 herein as a " processing device . ” The cloud infrastructure 
environment . One or more system components , or portions 1200 shown in FIG . 12 may represent at least a portion of 
thereof , are illustratively implemented for use by tenants of one processing platform . Another example of such a pro 
such a multi - tenant environment . cessing platform is processing platform 1300 shown in FIG . 
As mentioned previously , cloud infrastructure as dis 

closed herein can include cloud - based systems such as AWS , 45 The processing platform 1300 in this embodiment com 
GCP and Microsoft Azure . Virtual machines provided in prises a portion of system 100 and includes a plurality of 
such systems can be used to implement at least portions of processing devices , denoted 1302-1 , 1302-2 , 1302-3 , .. 
one or more of a computer system and a content addressable 1302 - K , which communicate with one another over a net 
storage system in illustrative embodiments . These and other work 1304 . 
cloud - based systems in illustrative embodiments can include 50 The network 1304 may comprise any type of network , 
object stores such as Amazon S3 , GCP Cloud Storage , and including by way of example a global computer network 
Microsoft Azure Blob Storage . such as the Internet , a WAN , a LAN , a satellite network , a 

In some embodiments , the cloud infrastructure addition- telephone or cable network , a cellular network , a wireless 
ally or alternatively comprises a plurality of containers network such as a Wi - Fi or WiMAX network , or various 
implemented using container host devices . For example , as 55 portions or combinations of these and other types of net 
detailed herein , a given container of cloud infrastructure works . 
illustratively comprises a Docker container or other type of The processing device 1302-1 in the processing platform 
LXC . The containers may run on virtual machines in a 1300 comprises a processor 1310 coupled to a memory 
multi - tenant environment , although other arrangements are 1312 . 
possible . The containers may be utilized to implement a 60 The processor 1310 may comprise a microprocessor , a 
variety of different types of functionality within the system microcontroller , an application - specific integrated circuit 
100. For example , containers can be used to implement ( ASIC ) , a field - programmable gate array ( FPGA ) or other 
respective processing devices providing compute and / or type of processing circuitry , as well as portions or combi 
storage services of a cloud - based system . Again , containers nations of such circuitry elements . 
may be used in combination with other virtualization infra- 65 The memory 1312 may comprise random access memory 
structure such as virtual machines implemented using a ( RAM ) , read - only memory ( ROM ) or other types of 
hypervisor . memory , in any combination . The memory 1312 and other 

13 . 



15 

30 

a 

US 11,475,337 B1 
17 18 

memories disclosed herein should be viewed as illustrative EMC . Combinations of multiple ones of these and other 
examples of what are more generally referred to as " pro- storage products can also be used in implementing a given 
cessor - readable storage media ” storing executable program storage system in an illustrative embodiment . 
code of one or more software programs . It should again be emphasized that the above - described 

Articles of manufacture comprising such processor - read- 5 embodiments are presented for purposes of illustration only . 
able storage media are considered illustrative embodiments . Many variations and other alternative embodiments may be A given such article of manufacture may comprise , for used . For example , the disclosed techniques are applicable example , a storage array , a storage disk or an integrated to a wide variety of other types of information processing circuit containing RAM , ROM or other electronic memory , systems in which it is desirable to provide enterprise cloud or any of a wide variety of other types of computer program 10 
products . The term “ article of manufacture ” as used herein resources and services using composable business and tech 
should be understood to exclude transitory , propagating nical processes . Also , the particular configurations of system 
signals . Numerous other types of computer program prod and device elements and associated processing operations 
ucts comprising processor - readable storage media can be illustratively shown in the drawings can be varied in other 
used . embodiments . Thus , for example , the particular types of 

Also included in the processing device 1302-1 is network processing platforms , modules , cloud - based systems and 
interface circuitry 1314 , which is used to interface the virtual resources deployed in a given embodiment and their 
processing device with the network 1304 and other system respective configurations may be varied . Moreover , the 
components , and may comprise conventional transceivers . various assumptions made above in the course of describing 

The other processing devices 1302 of the processing 20 the illustrative embodiments should also be viewed as 
platform 1300 are assumed to be configured in a manner exemplary rather than as requirements or limitations of the 
similar to that shown for processing device 1302-1 in the invention . Numerous other alternative embodiments within 
figure . the scope of the appended claims will be readily apparent to 

Again , the particular processing platform 1300 shown in those skilled in the art . 
the figure is presented by way of example only , and system 25 
100 may include additional or alternative processing plat- What is claimed is : 
forms , as well as numerous distinct processing platforms in 1. An apparatus comprising : 
any combination , with each such platform comprising one or at least one processing platform comprising a plurality of 
more computers , servers , storage devices or other processing processing devices each comprising a processor 
devices . coupled to a memory ; 

For example , other processing platforms used to imple- the processing platform being configured to implement at 
ment illustrative embodiments can comprise different types least a portion of at least a first system ; 
of virtualization infrastru ure , in place of or in addition to wherein the processing platform is configured : 
virtualization infrastructure comprising virtual machines . to implement multiple artificial intelligence - based deci 
Such virtualization infrastructure illustratively includes con- 35 sion points into a process flow , wherein the multiple 
tainer - based virtualization infrastructure configured to pro artificial intelligence - based decision points comprise 
vide Docker containers or other types of LXCs . a first artificial intelligence - based decision point and 
As another example , portions of a given processing plat one or more additional artificial intelligence - based 

form in some embodiments can comprise converged infra decision points positioned subsequent to the first 
structure such as VxRailTM , VxRackTM , VxBlockTM , or 40 artificial intelligence - based decision point in the pro 
Vblock® converged infrastructure commercially available cess flow ; 
from VCE , the Virtual Computing Environment Company , to compile one or more context attributes associated 
now the Converged Platform and Solutions Division of Dell with the first artificial intelligence - based decision 
EMC . point based on data derived from one or more 

It should therefore be understood that in other embodi- 45 artificial intelligence systems , 
ments different arrangements of additional or alternative to convert information pertaining to the one or more 
elements may be used . At least a subset of these elements additional artificial intelligence - based decision 
may be collectively implemented on a common processing points and the one or more context attributes asso 
platform , or each such element may be implemented on a ciated with the first artificial intelligence - based deci 
separate processing platform . sion point to input to a process optimization algo 

Also , numerous other arrangements of computers , serv rithm , wherein converting information pertaining to 
ers , storage products or devices , or other components are the one or more additional artificial intelligence 
possible in the information processing system 100. Such based decision points comprises processing input 
components can communicate with other elements of the from a plurality of artificial intelligence - based deci 
information processing system 100 over any type of network 55 sion points positioned subsequent to the first artifi 
or other communication media . cial intelligence - based decision point in the process 

For example , particular types of storage products that can flow using at least one recursive algorithm ; 
be used in implementing a given storage system of a to determine , by processing the converted input using 
distributed processing system in an illustrative embodiment the process optimization algorithm , an overall execu 
include VNX® and Symmetrix VMAX® storage arrays , 60 tion path within the process flow , wherein determin 
software - defined storage products such as ScaleIOTM and ing the overall execution path comprises deploying 
ViPR® , all - flash and hybrid flash storage arrays such as one or more operations research models during run 
UnityTM , cloud storage products such as Elastic Cloud time execution of the process , and wherein deploy 
Storage ( ECS ) , object - based storage products such as ing one or more operations research models com 
Atmos® , scale - out all - flash storage prises optimizing a margin of at least one resource 
XtremIOTM , and scale - out NAS clusters comprising Isilon® ask , per deployed capacity and respective usage , by 
platform nodes and associated accelerators , all from Dell processing at least the converted input using one or 
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more linear programming models , wherein the at a margin of at least one resource ask , per deployed 
least one resource comprises storage for one or more capacity and respective usage , by processing at least 
virtual systems , and the converted input using one or more linear program 

to output a decision to the first artificial intelligence- ming models , wherein the at least one resource com 
based decision point based on the determined overall 5 prises storage for one or more virtual systems ; and 
execution path within the process flow . outputting a decision to the first artificial intelligence 

2. The apparatus of claim 1 , wherein the multiple artificial based decision point based on the determined overall 
intelligence - based decision points comprise routing options execution path within the process flow ; 
encompassing two or more steps within the process flow . wherein the implementing , compiling converting , deter 

3. The apparatus of claim 1 , wherein the processing 10 mining , and outputting steps are implemented in a 
platform is further configured to compile one or more processing platform configured to include a plurality of 
context attributes associated with the multiple artificial processing devices each comprising a processor 
intelligence - based decision points during run - time of the coupled to a memory ; and 
process . wherein the processing platform is configured to imple 

4. The apparatus of claim 1 , wherein the data derived from 15 ment at least a portion of at least a first system . 
one or more artificial intelligence systems vary with time . 11. The method of claim 10 , wherein processing the 

5. The apparatus of claim 1 , wherein the one or more converted input using the process optimization algorithm 
context attributes comprise one or more cost values associ- comprises analyzing a likelihood of one or more events 
ated with the multiple artificial intelligence - based decision occurring in the process flow . 
points . 12. The method of claim 10 , wherein the one or more 

6. The apparatus of claim 1 , wherein the one or more operations research models comprise one or more decision 
context attributes comprise one or more benefit values trees . 
associated with the multiple artificial intelligence - based 13. The method of claim 10 , wherein the multiple artificial 
decision points . intelligence - based decision points comprise routing options 

7. The apparatus of claim 1 , wherein the one or more 25 encompassing two or more steps within the process flow . 
context attributes comprise one or more tree branch prob- 14. The method of claim 10 , wherein the one or more 
ability values associated with the multiple artificial intelli- context attributes comprise one or more cost values associ 
gence - based decision points . ated with the multiple artificial intelligence - based decision 

8. The apparatus of claim 1 , wherein the processing points . 
platform , in processing the converted input using the process 30 15. The method of claim 10 , wherein the one or more 
optimization algorithm , is further configured to analyze a context attributes comprise one or more benefit values 
likelihood of one or more events occurring in the process associated with the multiple artificial intelligence - based 
flow . decision points . 

9. The apparatus of claim 1 , wherein the one or more 16. A computer program product comprising a non 
operations research models comprise one or more decision 35 transitory processor - readable storage medium having stored 
trees . therein program code of one or more software programs , 

10. A method comprising : wherein the program code when executed by a processing 
implementing multiple artificial intelligence - based deci- platform comprising a plurality of processing devices causes 

sion points into a process flow , wherein the multiple the processing platform : 
artificial intelligence - based decision points comprise a 40 to implement multiple artificial intelligence - based deci 
first artificial intelligence - based decision point and one sion points into a process flow , wherein the multiple 
or more additional artificial intelligence - based decision artificial intelligence - based decision points comprise a 
points positioned subsequent to the first artificial intel- first artificial intelligence - based decision point and one 
ligence - based decision point in the process flow ; or more additional artificial intelligence - based decision 

compiling one or more context attributes associated with 45 points positioned subsequent to the first artificial intel 
the first artificial intelligence - based decision point ligence - based decision point in the process flow ; 
based on data derived from one or more artificial to compile one or more context attributes associated with 
intelligence systems ; the first artificial intelligence - based decision point 

converting information pertaining to the one or more based on data derived from one or more artificial 
additional artificial intelligence - based decision points 50 intelligence systems ; 
and the one or more context attributes associated with to convert information pertaining to the one or more 
the first artificial intelligence - based decision point to additional artificial intelligence - based decision points 
input to a process optimization algorithm , wherein and the one or more context attributes associated with 
converting information pertaining to the one or more the first artificial intelligence - based decision point to 
additional artificial intelligence - based decision points 55 input to a process optimization algorithm , wherein 
comprises processing input from a plurality of artificial converting information pertaining to the one or more 
intelligence - based decision points positioned subse- additional artificial intelligence - based decision points 
quent to the first artificial intelligence - based decision comprises processing input from a plurality of artificial 
point in the process flow using at least one recursive intelligence - based decision points positioned subse 
algorithm ; quent to the first artificial intelligence - based decision 

determining , by processing the converted input using the point in the process flow using at least one recursive 
process optimization algorithm , an overall execution algorithm ; 
path within the process flow , wherein determining the to determine , by processing the converted input using the 
overall execution path comprises deploying one or process optimization algorithm , an overall execution 
more operations research models during run - time 65 path within the process flow , wherein determining the 
execution of the process , and wherein deploying one or overall execution path comprises deploying one or 
more operations research models comprises optimizing more operations research models during run - time 
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execution of the process , and wherein deploying one or 
more operations research models comprises optimizing 
a margin of at least one resource ask , per deployed 
capacity and respective usage , by processing at least 
the converted input using one or more linear program- 5 
ming models , wherein the at least one resource com 
prises storage for one or more virtual systems , and 

to output a decision to the first artificial intelligence - based 
decision point based on the determined overall execu 
tion path within the process flow ; 

wherein the processing platform is configured to imple 
ment at least a portion of at least a first system . 

17. The computer program product of claim 16 , wherein 
the one or more operations research models comprise one or 
more decision trees . 

18. The computer program product of claim 16 , wherein 
the multiple artificial intelligence - based decision points 
comprise routing options encompassing two or more steps 
within the process flow . 

19. The computer program product of claim 16 , wherein 20 
the one or more context attributes comprise one or more cost 
values associated with the multiple artificial intelligence 
based decision points . 

20. The computer program product of claim 16 , wherein 
the one or more context attributes comprise one or more 25 
benefit values associated with the multiple artificial intelli 
gence - based decision points . 
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